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ABSTRACT
When  cells  from  lymph nodes  or thoracic duct of mice  hyperimmunized  with protein  anti-
gens  are cultivated on  embryo monolayers  in  the  presence  of the  antigen, numerous  clones
of  mast  cells  appear.  The  histochemical  and  ultrastructural  characteristics  of  the  cells
permit  their  identification  as mast  cells  and  distinguish  them  from the  phagocytic  histio-
cytes  that  usually  arise  in  abundance  in  similar  cultures  from  unimmunized  mouse  cells
or from immunized  mouse  cells  cultured in  the  absence  of the antigen.  Only a  few colonies
of mast cells  appeared  in  the  latter  cultures.  The  basis  for  the  induction  of mast  cell  dif-
ferentiation  is not known.
Mast  cells  are  highly  specialized  inhabitants  of
vertebrate  connective  tissue.  Their  unique  com-
plement  of heparin,  alkaline  proteolytic  enzymes,
and biogenic  amines has morphological  expression
in  characteristic  granules.  The  ease  with  which
fibroblasts  may  be  maintained  in  dispersed  cell
cultures  suggests  the  possibility  that  mast  cells
which  keep  such  close  company  in  vivo  might
also  thrive  in  an  in  vitro  system.  Most  mast cells
in  adult rodent connective  tissues  as well  as  those
free  in  the peritoneal  cavity are  essentially  resting
cells;  they  have  largely completed  their  synthetic
processes  and  along  the  way  ceased  their mitotic
activity,  so  that,  if investigation  of differentiation
is  the  objective,  mast  cell  precursors  must  be
sought  out  and  cultured  under  conditions  com-
patiLle  with differentiative  processes.
Previously,  the  differentiation  of  mast  cells
has  been  described  in  cultures  of mouse  thymus
cells  grown  on an embryonic  fibroblast  monolayer
(7, 9). In this report we  describe conditions for the
differentiation  of  mast  cells  from  cells  of  lymph
node  and  thoracic  duct  lymph  obtained  from
immunized mice.
METHODS
Monolayers
Embryonic  fibroblast  monolayers  were  prepared
from  several  strains  of  mice  (C57B1I/6,  BALB/c  and
C3H)  as  previously  described  (8).  I-cm-long  embryos
were  optimal.  Monolayers  in  the  second  or  third
passage were  usually used; in some  cases, monolayers
up to the sixth passage  were  used.  Although attention
685to the  details  of preparing  the monolayers  produced
reasonably  consistent  results,  there  was  some  varia-
bility  in  the  capacity  of different  batches  of  mono-
layers  at  different  times  during  their  life  span  to
support  differentiation  of mast  cells.  For  this  reason,
most  cultures  were  initiated  on  several  different
batches of monolayers.
Immunization
The  standard  primary  course  of  immunization
consisted  of  twice-weekly  intraperitoneal  injections
of 0.2  ml  of  horse  serum,  calf  serum,  or  1  mg  of
ovalbumin in 0.2 ml of saline  for  6 consecutive  wk.  A
booster  consisted  of  a  single  injection  of  0.4  ml  of
serum  or 2  mg of ovalbumin.
Mast Cell Precursors
Free  cells  were  obtained  from  peripheral  and
mesenteric  nodes  of several  mice  by thorough  minc-
ing. The  free  cells  were washed  and plated on estab-
lished embryonic monolayers  at an initial  concentra-
tion of 2-3  X  107  cells  per Petri dish. Thoracic  duct
lymph  was  obtained
1 by  the  method  of  Reinhardt
and Li  (13)  and  cultured under  identical  conditions.
Media
Embryo  fibroblast  feeder  layers  were  established
in  Waymouth's  medium  with  10%  newborn  calf
serum  and maintained in a 0.5%  lactalbumin  hydrol-
ysate  in  Earle's  salt  solution  containing  10%  calf
serum.  Culture  of lymph node  and thoracic  duct cells
on  monolayers  was  carried  out  in Dulbecco's  modi-
fication of Eagle's  medium,
2 supplemented  with 20%
horse  serum.  Culture  medium  was  changed  every  4
days.
Culture Technique
The  lymphoid  cells  were  plated  on  monolayers
maintained  in  60-mm-diameter  plastic  Petri  dishes
(Falcon  Plastics,  Los  Angeles).  The  cultures  were
maintained  at  37°C  in 5%  or  10%  CO2 in air.  Sub-
cultures  were  made  by  one  of  two  procedures:  (I)
cultures  were  treated  with trypsin  and  the  resulting
suspension  plated on empty  dishes  or onto an already
established  monolayer,  or  (2)  those  cells  free  in  sus-
pension  were transferred to  a new  monolayer.
Observation of Cultures
Living  cultures  were  frequently  observed  and
photographed.  Smears  of both  suspended  cells  and
'We  are indebted  to Mrs. R.  Caffrey Tyler  for  help-
ing us  with this procedure.
2 The  description  of this  medium previously  reported
in Table  2 of reference  8  is  misprinted;  L-threonine,
9.52  g,  should  have  been  included,  and  L-phenyl-
alanine  was used  in the amount  of 6.6,  not 9.52  g.
cells  dissociated  with  trypsin  were  fixed  in  methyl
alcohol  and  stained  for  5  min with  0.1%  toluidine
blue  in  50%  ethanol  acidified  to  pH  3.5,  washed,
dehydrated in absolute  alcohol,  cleared in xylene,  and
mounted  in permount.  Smears were  also stained  with
alcian  blue-safranin  (16),  May-Gruenwald-Giemsa
stain and  a  naphthol-diazonium  coupling  procedure
for  demonstrating  acid phosphatase  (2),  and  by  the
periodic  acid-Schiff  (PAS)  reaction.  For  electron
microscopy,  mast  cells  adherent  to  the  monolayer
were  washed  with  buffered  saline  and  the  intact
monolayer gently peeled from the Petri dish and fixed
for  4  hr  in  6%  glutaraldehyde  in  0.1  M cacodylate
buffer  pH  7.3  containing  0.1%  alcian  blue  (3).  The
cells were washed in 0.18 M  sucrose in 0.1  M  cacodylate
buffer, pH 7.4, and embedded  in Epon 812  according
to  the  procedure  of  Luft  (12).  Thin  sections  were
stained with uranyl  acetate  and lead tartrate sequen-
tially.
Evaluation of Mast Cell Growth
When  the  mast  cells  were  largely  in  suspension,
useful  counts  could  be  obtained.  However,  because
many  mast  cells  were  present  in  colonies  of varying
sizes as well as diffusely  over the monolayer,  meaning-
ful  counts  were  not  always  possible.  Neither  trypsin
nor EDTA proved  satisfactory  in obtaining quantita-
tive  release  of mast cells  adherent to  the monolayer.
At  low  concentrations  of  trypsin,  many  mast  cells
remained  on the intact  monolayer,  while  at  concen-
trations  of trypsin  or  EDTA high  enough  to disperse
the monolayer,  there was  lysis of mast  cells.
In  some  experiments,  colonies  or  clones  of  mast
cells  on the monolayers  were counted  after fixing and
staining  intact cultures  in  Petri  dishes. The  colonies
of  mast  cells,  which  stained  metachromatically  with
toluidine  blue,  were  readily  counted  under  10  mag-
nification  with  a dissecting  microscope.
RESULTS
Unlike  cells  from  thymus,  normal  mouse  lymph
node  cells  gave  rise  to  only  small  numbers  of
mast  cells  in  culture.  In  preliminary  experi-
ments,  however,  it  was  noted  that,  when  the
lymphoid  tissue  used  to  prepare  cells  for  culture
was  derived  from  mice  immunized  with  horse
serum,  mast  cells  appeared  in  large  numbers  in
the monolayers  and in suspension.
Experiments  were,  therefore,  designed  to
investigate  the  effect  of immunization  on the  ap-
pearance  of  mast  cells  in  culture.  The  results
of  experiments  in  which  horse  serum  was  the
antigenic  stimulus  in  C 7BI /6  and  BALB/c
mice  are  summarized  in  Tables  I  and  II.  Other
strains of mice  (SWR  and  Swiss  white)  were  also
immunized,  but the high incidence of anaphylactic
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Effect  of  Immunization  with  Horse  Serum  on  the
Differentiation of Mast Cells In  Vitro
Good  Good  Poor
Number  mast  histio  growth of
Immu-  of  cell  cyte  both  cell
Donor strain  nized*  cultures  growth  growth  types
C57B 1/6  +  11  9  it  2
Cs7B1/6  - 11  0  6  5
BALB/c  +  3  3  0  0
* The  donor  animals  were  immunized  with  horse
serum  as  described  in  the text,  and cultures  were
prepared 7-67  days after the last injection.  In some
experiments  an  antigen  booster  was  administered
1-6  days  before  initiation  of culture.  Neither  the
booster  nor the interval  between  the last  immuni-
zation and  time of culture significantly affected  the
subsequent  growth  of mast  cells.
I In one culture,  good  growth  of  both  mast  cells
and histiocytes  occurred.
TABLE  II
Effect  of  Immunization  and Exposure  in Culture to
Antigen  on  Mast  Cell  Growth
Time  Mast cell
in  colonies/
Immunization  *  Antigen  in  culture  culture  plate
Days
Horse  serum  Horse  serum  10  646
15  755
19  1545
24  1238
Saline Horse  serum 10  22
15  78
19  62
* Immunized  mice  were given  a standard  primary
course  and  a  single  booster  (see  text).  25  X  106
lymphoid  cells  were  plated  on  each  monolayer
culture.
death  prevented  adequate  study.  Significant
numbers  of  mast  cells  appeared  only  when  the
cultures  were  initiated  with  lymph  node  cells
from  immunized  animals,  and  there  was,  in
general,  a  reciprocal  relationship  between  the
growth  of  histiocytes  and  that  of  mast  cells.  In
only  one  culture  was  there  good  growth  of both
mast  cells  and  histiocytes.  In  other  cultures,
either  mast  cells  or  histiocytes  grew  in  good
number.
An  attempt  was  made  to  investigate  the  in-
fluence  of  the  presence  of  the  antigen  in  the
culture  medium  on  the  appearance  of mast  cells.
Since  horse  serum  was  routinely  incorporated
in  the  culture  medium,  two  other  antigenic
stimuli  were  employed  in  these  experiments.  In
Table  III  are  presented  the  results  of  an  experi-
ment  in  which  lymph  node  cells  from  mice  im-
munized  with  calf  serum  were  used.  The  cells
were  cultured  either  in  the  presence  or  in  the
absence  of  calf  serum  in  the  culture  medium.
Ovalbumin  was  also  tested,  and  the  results  of
TABLE  III
Effect  of  Immunization  and Exposure  of  Cells  in
Culture to Antigen
Cells  in culture
I %  calf serum
Exp.  in the cultures  Mast cell  Histiocytes
A  +  +±+  -
B  +  +  +++
B  -q-  +
_  i_  +++
In experiment  A the donor animals  were given the
standard  primary  course  of  immunization  (see
text)  with calf serum  and  a booster  after 50  days.
Cultures  were  initiated  2  days  after  the  booster
injection.  The  animals in experiment  B were given
only  a primary course  and  the cultures  from these
animals  were  initiated  50  days  after  the  final  in-
jection.
TABLE IV
Effect  of  Immunization  and Exposure of  Cells  in
Culture to  Antigens
Predominant  cell
type  Poor
Immuni-  growth  of
zation of  Ovalbumin Number of  Histio-  both cell
donor  in culture  cultures  Mast cells  cytes  types
+  +  5  4  1  0
+  - 5  1  3  1
- +  3  0  2  1
- - 3  0  2  1
Donor mice  were primarily  immunized  with  oval-
bumin  and  the  culture  was  prepared  40-41  days
after  the  final  injection  (see  text).  In  two experi-
ments,  mice  were  given  a  booster  after  40  or  131
days  and  cultures  were  initiated  within  10  days
after  the  final  injection.
H.  GINSBuRG  AND D.  LAGUNOFF  In  VitrQ Differentiation of Mast Cells  687FIGURE  1.  Living culture  of histiocytes.  The  histiocytes  are spread  confluently  over the embryo  mono-
layer.  Only  a  few  mast  cells,  small,  round,  and smooth  in  appearance,  are  present.  Thoracic  duct  cell
culture  from unimmunized  mice, first  passage,  29 days  in culture.  X  230.
FIGITRE  2  Living culture  of  mast cells.  The  mast  cells are  spread extensively  over  the monolayer,  and
many mast  cells float above  the monolayer.  Thoracic  duct cell  culture  from mice  immunized with  horse
serum,  first passage,  8  days in  culture.  X  230.FIGURE  3  Mast cells  on  embryo  monolayer.  Cells grown  from lymph  node cells  from mice  immunized
with horse  serum  have  spread over  the embryo  cell  monolayer.  40-day  culture,  first  passage.  Stained
with toluidine  blue.  X  400.
FIGURE  4  Mast cells  in smear made  of supernatant  after 33 days  in the second  passage  of a culture  of
thoracic duct cells from mice  immunized  with horse  serum.  Stained with toluidine  blue.  X  674.
two  experiments  with  this  antigen  are  presented
in Table IV. With both calf serum and ovalbumin,
immunization  and  subsequent  exposure  of  the
cells  to  the  antigen  in  culture  were  necessary  for
mast cell growth.
Cytologic Observations
In  living  cultures,  mast  cells  and  histiocytes
could,  with  some  experience,  be  readily  differ-
entiated.  In  suspension,  mast  cells  were  char-
acteristically  present  as  smooth-surfaced  regular
spheres.  Histiocytes  had  irregular  contours  and
contained  a  variety  of  vacuoles  and  granules.
On  the  monolayers  (Fig.  1),  histiocytes  were
identified  by  their  abundant  cytoplasm  filled
with  refractile  droplets  and  vacuoles  of engulfed
material;  mast  cells  tended  to  be  smaller  and
more  discrete  than  histiocytes  and  were  more
refractile  (Fig.  2).  Mast  cells  were  definitively
identified  by  the  metachromatic  staining  prop-
erties  of  their  cytoplasmic  granules  (Figs.  3-5).
The  majority  of  mast  cells  in  several  cultures
examined  contained  predominantly  alcian  blue-
staining  granules  when  the  alcian  blue-safranin
procedure  was  applied.  Safranin-staining  granules
were present  in small numbers.
The  histiocytes,  in  contrast  to  mast cells,  con-
tained  many  vacuoles  (Fig.  6),  and  were  phago-
cytic,  readily  ingesting  carbon  particles  added  to
the  culture  medium.  Many  of  the  histiocyte
vacuoles  stained  with  PAS  and  were  positive
for  acid  phosphatase.  These  bodies  increased  in
number  during  the  culture  period.  Similar  vac-
uoles  were  not  evident  at  any  time  in  mast cells
EH. GINSBURG  AND D.  LAGUNOFF  In  Vitro Differentiation of Mast Cells  689FIGURE  5  High magnification  of a  mast  cell  on  the embryo  monolayer  from  a  culture  of  lymph node
from mice immunized with horse serum. The mast cells in these cultures typically have large metachroma-
tic granules.  40 days in culture.  Stained  with toluidine  blue.  X  1500.
FIGURE  6  Histiocytes  in smears  of  supernatant  from  a culture  of  lymph node  cells from  normal  mice;
after 26 days in culture.  Numerous  vacuoles are present in the cytoplasm of these histiocytes. Stained with
May-Gruenwald-Giemsa.  X  674.
and,  conversely,  the  inclusions  in  histiocytes  were
not  metachromatic  under  the  conditions  used  for
staining  mast cell  granules.
Electron Microscopy
The  mast cells  were  usually  present in clusters.
The  surface  of  the  cells  commonly  exhibited
numerous  villous  projections  which  were  long
and sinuous  (Fig. 7) and contained  no cytoplasmic
organelles.  The  mitochondria  were  not  remark-
able,  with  both  ellipsoidal  and  circular  cross-sec-
tions  evident  and  moderate  numbers  of  cristae
present.  A  well  developed  Golgi  system  located
close  to  the nucleus  was  frequently  seen  (Fig. 8),
composed  typically  of  several  stacks  of  smooth-
surfaced  lamellae  and  numerous  vacuoles.  Cen-
trioles  were  observed  in  the  cell  center.  In
cells  with  sparse  granules,  the  rough-surfaced
endoplasmic  reticulum,  although  never  highly
developed,  was  more  extensive  (Figs.  9  and  10)
than in  the  cells  which  contained  many  granules
(Fig.  11).  The  mast  cell  nuclei  were  generally
ovoid  with  frequent  indentations;  the  chromatin
was  aggregated  along the  nuclear  membrane  and
nucleoli  were  frequently  identifiable  (Figs.  7  and
9).
The  specific  granules  were  characteristically
surrounded  by  a  closely  applied  membrane  (Figs.
12  and  13).  In  immature-appearing  cells,  the
granules  consisted  of  a  dense  irregular  mass
surrounded  by  numerous  small  vesicles  (Fig.  12).
The proportions of the  two components in granules
varied  considerably,  so  that  some  granules  were
comprised  exclusively  of  the  small  vesicle  com-
ponent,  while  in  the  most  mature-looking  cells
no  vesicular  element  could  be  discerned  in  the
690  THE  JOURNAL  OF  CELL  BIOLOGY  VOLUME  35,  1967FIGURE 7  Electron micrograph  of four mast  cells from a 28-day-old  culture.  The numerous  villi are  well
demonstrated.  A  variety  of  granules  are  evident  in  the  several  cells.  A  well  developed  cell center  with
centriole  and  Golgi  structure  is present  in  the uppermost  mast  cell.  Only  scattered  segments  of  rough
endoplasmic  reticulum are present  in these cells. The  nuclei with the peripherally clumped  chromatin  are
typical  of mast cells  fixed  with glutaraldehyde.  X 9,000.FIGURE  8  Electron micrograph showing the cell center of a mast cell from a 10-day-old  culture. Numerous
Golgi vacuoles  and  less  frequent  saccules  are  present.  In  some  of  the vacuoles,  small dark granules  are
evident.  Similar granules have been  suggested  to represent  granule  precursors  in the normal maturation
of rat mast cells.  X 26,500.
FIGURE  9  Electron  micrograph  of  a mast  cell from  a  28-day-old  culture.  This  cell  has  relatively  few
granules  with  varying  proportions  of  dense  matrix  and peripheral  vesicles.  The  rough-surfaced  endo-
plasnic  reticulum  is moderately  well developed  in this cell.  A large nucleolus such as is seen in this micro-
graph  is not uncommon  in tissue culture mast  cells.  X  10,000.
homogeneously  dense  granules  (Fig.  13).  In
general,  the  mast  cells  in  culture  resembled  im-
mature  mouse  mast  cells  present  in  embryonic
connective  tissue  (5).
Differentiation of Cells on Monolayers
MAST  CELLS:  Very  few  mast  cells  were
present  in  the  initial  inocula  from  mouse  lymph
nodes,  and  those that  could  be  identified had  the
appearance  of mature  cells  packed  with  normal-
sized, strongly  metachromatic  granules. The  early
sequence  of events in  cultures  in  which  mast cells
ultimately  differentiated  was  identical  to  that
exhibited  by  lymphoid  cells  from  unimmunized
animals  on  monolayers  (8).  The  number  of
lymphocytes  decreased  during  the  first  few days;
then there was a  distinct  increase  in large  lymph-
oid  cells  both  on  the  monolayer,  where  they
formed  small  colonies,  and  free  in  suspension.
Significant  numbers  of  identifiable  mast  cells  in
small aggregates  of two  to  ten  appeared  in  clones
of immature  lymphoid  cells  in  the  most favorable
cultures  between  4  and  5  days.  The  number  of
cells  in  a  colony  then  increased  over  the  next
few  days  to  15-30.  With  the  increase  in  the  size
of the  mast  cell  colonies,  the  number  of granules
per cell  also increased.  At about 8 days,  mast cells
appeared  in  suspension  in  the  media.  In  active
cultures, the mast cell colonies  dispersed  (Fig.  14)
and  extensive  distribution  of mast  cells  over  the
monolayer  was  established  by  20-30  days  (Fig.
15).  Subsequently, mast cells decreased in number,
692  THE  JOURNAL  OF  CELL  BIOLOGY  VOLUME  35,  1967FIGURE  10  Electron  micrograph  of  peripheral cytoplasm  of a mast cell from a 10-day-old  culture. The
villus is  seen  to be  free  of  organelles  including  ribosomes.  Ribosomes,  both free  and  attached  to endo-
plasmic reticulum, are present in the cytoplasm proper. A well preserved perigranular membrane is evident
around several of the homogeneously  dense  granules.  X  27,000.
FIGURE  11  Electron  micrograph  of  a  mast  cell  with  many  homogeneous  granules.  This  cell  from  a
10-day  culture  looks more  like a mature mouse tissue mast  cell than most cells in tissue culture and  may
well represent a cell  carried over from the lymph node. The  section  includes  only  a small  portion  of  the
nucleus.  X  5,000.
and  subculture  did  not lead  to  further  prolifera-
tion.
In  cultures  prepared  from  unimmunized  mice
a few  colonies of mast cells occasionally  appeared.
These  were  limited  in  extent  as  well  as number
and  were,  in  time,  commonly  overgrown  by
histiocytes.  The  granules  in  the  mast  cells  from
unimmunized  animals  (Fig.  16)  tended  to  be
smaller  than  those  in  cells  from  immunized  ani-
mals  (Fig.  17).  There  were  also  many  more
granules  per  cell  in the  cells  from unimmunized
animals.  None  of  the  large  clones  of  immature
mast  cells  prevalent  in  the  cultures  initiated  from
immunized  animals  was  present  in  the  cultures
derived  from  unstimulated  lymphoid  cells.
HISTIOCYTES:  In  cultures  of  cells  from  un-
immunized  animals,  histiocytes  appeared  as  a
distinguishable  cell  type  in  small  colonies  be-
tween  4  and 6  days. There  followed  a progressive
increase  in  colony  size  leading  ultimately  to
confluency  by  20-30  days.  During  this  time,  the
histiocytes  exhibited  a  progressive  increase  in
their  content  of  vacuoles,  many  of  which  were
strongly  PAS  positive.  When  the  cells  were
derived  from  immunized  animals,  histiocytic
colonies  appeared  at the  same  time  and increased
to  about  50  cells  per  colony  during  the  2nd  wk.
Proliferation  then  apparently  ceased.  Their
attachment  to  the  monolayer  weakened,  so  that
they  tended  to  come  loose;  large  inclusions  ap-
peared  in  the  histiocytes,  and  disintegration
ensued.
H.  GINSBURG  AND  D.  LANGUOFF  In  Vitro Differentiation  of Mast Cells  693FIGUIE  12  Electron micrograph of several  granules from  a mast cell 28  days in culture.  The two compo-
nents of the  granules,  small vesicles  and dense  matrix,  are well  illustrated  in this  micrograph.  The  peri-
granule  membrane  can  be  traced  almost  completely  around  the  circumference  of  the  largest  granule.
X  35,500.
FIGURE  13  Electron  micrograph  of  granules from  a mast cell  10  days  in culture.  Most  of the  granules
evident  exhibit  morphology  considered  to represent  the  final  stage  of  granule  maturation,  with  homo-
geneously  dense  matrix and a closely  applied perigranule  membrane.  A granule  composed almost entirely
of small vesicles is seen close to the nucleus.  Several mitochondria  are present  in this micrograph.  X 27,000.
MAST  CELL  DIFFERENTIATION  FROM  THO-
RACIC  DUCT  LYMPH  CELLS:  Cells  obtained
from  thoracic  duct  were  plated  on  monolayers.
(No  mast  cells  were  present  in  thoracic  duct
lymph.)  In  cultures  from  both  immunized  and
unimmunized  animals,  large  lymphoid  cells
appeared  between  the  3rd  and 6th day of culture.
These  cells  in  suspension  were  subcultured  and
gave  rise  to  cultures  of mast  cells  and  histiocytes
according  to  their  derivation  from  immunized
or unimmunized  mice, respectively.  The sequence
of developments  closely  paralleled  that  described
for lymph node cells.
DISCUSSION
The  results  indicate  that  immature  mast  cells
will  differentiate  and  replicate  in  cultures  pre-
pared  from  suspensions  of  lymphoid  cells  under
appropriate  conditions.  A  sequence  resembling
that  in  embryonic  connective  tissue  (4)  is  fol-
lowed  in  the  cultures;  namely,  that  mast  cells
appear  to  arise  from  an  ungranulated  precursor,
then  during  a  predominantly  replicative  period
the  cells  begin  the  synthesis  of  specific  granules
and  finally  attain  a  differentiated  nonreplicative
stage.
In  rat  embryos,  the  mast  cells  differentiate
from  mesenchymal  cells  at  about  12  days  (4).
Nothing  is known  as  yet  of the  in  vivo  precursor
of  mast  cells  in  adult  rodents.  Although  most
mast cells  in  the  adult rat  have  apparently  either
lost  the  capacity  for  mitosis  entirely  or  else  have
an  exceedingly  long intermitotic period,  prolifera-
694  TIIE  JOURNAL  OF  CELL  BIOLOGY  VOLUME  35,  1967FIGURE  14  A  clone of mast  cells  on embryo monolayer.  The  lymph  node cells  seeded  on the monolayer
were derived  from  mice immunized  with ovalbumin.  Stained  with toluidine  blue.  X 30.
FIGURE  15  Mast  cells on embryo  monolayer.  Cells grown  from lymph  node from mice  immunized with
horse serum  have spread  over the monolayer.  40-day culture.  Stained  with toluidine  blue.  X 208.
tion  of mast  cells  can  be  induced  by  a  variety  of
agents  (1).
The  derivation  of the  mast  cells  in  the  cultures
cannot  be  assigned  with  absolute  certainty.  A
number  of considerations  incline  us to the  opinion
that the mast cells  derive from precursors,  lacking
specific  granules,  present  in  the  population  of
cells  obtained  from  the  lymph  nodes  or  thoracic
duct lymph.
Immature  mast  cells,  characterized  by  small
numbers  of granules  and large nuclei  with promi-
nent  nucleoli,  are not evident in  the cells  obtained
from  lymph  node,  and  the  observed  sequence  of
maturation  militates  against the  small  numbers  of
mature  mast  cells  giving  rise  to  the  colonies  of
immature  mast  cells.  Further  evidence  against
homoplastic  differentiation  is  provided  by  the
cultures  initiated  with  thoracic  duct  cells  among
which  no mast cells  whatever  were found.
The  possibility that  the mast cells  do not derive
from  any  cells  in  the  lymph  node  or  thoracic
duct  lymph,  but  rather  from the  monolayer may
also be raised. Definitive studies with chromosomal
markers  such  as  T6  or  irreversible  inhibition
of monolayer  proliferation  by X-irradiation  have
not  yet  been  performed  in  the  system  described
in  this  paper.  In  the  case  of  differentiation  of
thymus  cells  to  mast  cells,  X-irradiation  of  the
monolayer,  however,  was  not  found  to  interfere
with  mast  cell  differentiation  (Ginsburg,  un-
published  results).  Against  the  likelihood  that
the  fibroblast  monolayers  give  rise  to  mast  cells
is the  fact that, in cultures of monolayers  to which
no  lymphoid  cells  are  added,  mast  cells  do  not
differentiate.  Further,  the  fibroblasts  of  the
monolayer  are  a  homogeneous  population  of
large  flat  cells,  and  transitions  to  colonies  of
round  cells  such  as  those  in  which  immature
mast cells  appear have  not been  observed; finally,
mast  cells  appear  in  good  number  on  fibroblast
H. GINSBURG AND  D.  LAGUNOFF  In  Vitro Differentiation of Mast Cells  695FIGURE  16  Mast  cell in  culture of lymph nodes from normal mice.  The mast cells in these cultures have
smaller  granules than  those  in  culture from  immunized mice.  22  days  in culture.  Stained  with toluidine
blue.  X  1500.
FIGURE  17  Mast cell from a culture  of lymph nodes from mice  immunized with horse serum.  The mast
cells in these cultures  have large  metachromatic granules. 40 days in culture. Stained with toluidine blue.
X  1500.
monolayers  that  have  been  serially  plated  as
many  as  six  times,  a procedure  likely  to  exclude
small  numbers  of  specific  mast  cell  precursors.
The  number  of mast  cell  precursors  is  difficult
and  hazardous  to  estimate  on  the  basis  of  the
tissue  culture  observations.  If  it  is assumed  that
each  colony  in  a  tissue  culture  derives  from  a
single  lymphoid  precursor  with  a  cloning  effi-
ciency  of  50%,  mast  cell  precursors  can  be  esti-
mated,  from  the  results  recorded  in  Table  II,  to
occur  with a frequency  of one in  10,000 lymphoid
cells.  If the  cloning  efficiency  is,  in fact,  less  than
50%,  the  number  of  precursors  might  be  con-
siderably  greater than  the  one in  10,000  estimate.
Contrariwise,  if  secondary  clones  are  established
from  precursors  that  arise  in  primary  clones,  the
estimate  of  the  number  of  precursors  would  be
too high.
Although  strong  evidence  is lacking  as  to  the
identity  of  the  precursor  of  the  mast  cell,  the
potential  of  thoracic  duct  cells  to  differentiate
to mast cells leads us to favor the small lymphocyte,
since  the  larger  cells  in  thoracic  duct  rapidly
disappear  in vitro  (11).  Further,  the large lymph-
oid  cells  which  precede  the  appearance  of mast
cells  in  culture  resemble  the  cells  which  derive
from  small  lymphocytes  following  exposure  to  a
variety  of blastogenic  stimuli  (10,  14).  Identical
reasoning  leads to  the  same  tentative  conclusions
for the  identity  of the histiocyte  precursor  in  the
cultures.  In  contrast,  Volkman  and  Gowans  (17)
have  provided  substantial  evidence  that  in-
flammatory  histiocytes  arise  from  monocytes
derived  from  bone  marrow.  It  may  be  that
macrophages  of  differing  types  do  not  have  the
same  precursors.
Mast  cells  as  connective  tissue  cells  having
synthetic  capabilities  quite  different  from  those
696  THE  JOURNAL  OF  CELL  BIOLOGY  . VOLUME  35,  1967of fibroblasts  present an  opportunity  to  study the
control  of  differentiation  of  a  second  connective
tissue  cell  in  vitro. The  observation  that antigenic
stimulation  of the  donor  animals  and  subsequent
exposure  to  the  antigen  in  culture  are  necessary
for  the  establishment  of  mast  cell  cultures  is
surprising.  Although  increases  in mast  cell  num-
bers,  most  likely  on  a  proliferative  basis,  have
been  described  following  the  administration  of  a
diversity  of  local  and  systemic  agents  in  vivo,
only  moderate  proliferation  of  mast  cells  has
been  described  in  response  to  immunization
(6,  15).  In  general  terms,  antigen  may  be  con-
sidered  to  act  either  directly  to  stimulate  mast
cell  proliferation  and/or  differentiation,  or  in-
directly  to  inhibit  histiocytes  and  thus  permit
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